.-Similar populations of Pseudomonas fragi were grown at 25 C for 20 hr or at 7 C for 7 days in milk containing 0, 10, and 20%o fat; they were then heated at 48, 50, and 52 C in milk containing 0, 10, and 20% fat. After inoculation, the heating medium contained 2.1 x 106 to 6.9 x 106 organisms per milliliter. The P. fragi cells grown in skim milk had greater thermal resistance (D52 = 3.0 to 3.1) than those grown in milk containing fat (D52 = 1.9 to 2.5). The organisms grown at 7 C for 7 days in milk containing 10% fat were more resistant (D52 = 3.0) than those grown in the same medium at 25 C for 20 hr (D52 = 2.0). The presence of 0 to 20%ho milk fat in the heating medium had no apparent effect on the thermal resistance.
Two environmental factors which may influence the thermal resistance of microorganisms are the growth temperature and the nature of the medium in which the cells are grown and heated. The presence of fat in the heating medium has been reported to influence the thermal resistance of microorganisms (3, 4, 7, 8) , but there is a lack of agreement as to whether the organisms are more or less resistant in a medium containing fat. Bartlett and Kinne (1) and Lang (6) reported that microorganisms were more resistant in a medium containing fat or oil. In contrast, Nichols (7) and Daoust (3) found that the presence of fat or oil in the heating medium decreased the thermal resistance of microorganisms. Rogacheva (8) observed that fat or oil in the heating medium increased the resistance of microorganisms only when the medium was free of moisture.
Several workers (9, 10) try, particularly cheese manufacturers, persist in subjecting milk to subpasteurization temperatures with the intention of reducing the psychrophilic population, but still preserving the native enzymes important in cheese ripening. This practice has caused continued interest in the factors influencing the thermal resistance of lipolytic and proteolytic psychrophiles responsible for deterioration of milk.
The experiments reported herein were designed to determine whether the thermal resistance of Pseudomonas fragi, a common lipolytic and proteolytic organism in milk, is influenced by (i) growth temperature in milk, (ii) the presence of milk fat in the growth medium, and (iii) the presence of milk fat in the heating medium.
MATERIALS AND METHODS
The milk and cream used as growth and heating media were composed of a homogenized mixture of reconstituted skim milk containing 8.3% serum solids and 0, 10, or 20% milk fat. Sufficient media were prepared and sterilized for 15 min at 15 psi to provide for all incubating and heating trials. The pH of the sterilized media was 6.6. P. fragi from a stock agar slant was activated by subculturing through two transfers in Trypticase Soy Broth (BBL) at 25 C for 24 hr and then through two transfers in milk or cream containing the same amount of fat as the growth medium to be tested.
The rate of destruction was determined in a device similar to that described by Kaufmann and Andrews THERMAL RESISTANCE OF P. FRAGI (5) . The heating medium was adjusted to the desired heating temperature before adding the inoculum. A 1-ml amount of a cell suspension of P. fragi added to 200 ml of heating medium gave a population ranging from 2.1 X 105 to 6.9 X 105 per milliliter. The temperature of the heating medium was thermostatically controlled and recorded continuously. The reduction in temperature caused by the inoculation was less than 0.25 F (0.04 C) as measured by a recording potentiometer with a sensitivity of 5 ,uv and equipped with copper-constantan thermocouples.
The organisms were heated at 48, 50, and 52 C. The thermal resistance of P. fragi grown in 10% fat at 7 C for 7 days and at 25 C for 20 hr was compared. At the end of these two incubation periods, the cultures were in the latter stage of the logarithmic growth phase, and the populations in replicate cultures varied from 5.8 X 108 to 1.2 X 109 in the cultures grown at 25 C, and from 7.2 X 108 to 8.2 X 90.000 48C 108 in the cultures grown at 7 C.
RESULTS I 0
The survivor curves in Fig. 1 The apparent lag in thermal destruction (Fig. 1,  2 destruction was usually slightly greater than when grown in milk containing 20% fat, but substantially less than when grown in skim milk. The data in Fig. 4 show the rate of destruction of P. fragi when grown in milk containing 10% fat at 25 C for 20 hr and when heated in milk containing 10% fat at 48, 50, and 52 C. Within this temperature range, each 2 C decrease in temperature increased the time required to accomplish 99.999% by approximately 11.5 to 13 min. The D values were 2.1, 4.4, and 7.1 at 52, 50, and 48 C, respectively.
The data in Table 1 show the times required to destroy 99.999% of the P. fragi cells when grown and heated in various combinations of milk media containing 0 to 20% fat. D values calculated from the destruction times are also included. An increase of 2 C in heating temperature betw%een 48 and 52 C usually resulted in a decrease of 7 to 21 min in heating time required to destroy 99.999% of the cells, with the growth medium being much more important than the heating medium in influencing destruction rate.
